We consider physical and mathematical aspects of the model of simple reacting spheres (SRS) in the kinetic theory of chemically reacting fluids. The SRS, being a natural extension of the hard-sphere collisional model, reduces itself to the revised Enskog theory when the chemical reactions are turned off. In the dilute-gas limit, it provides an interesting kinetic model of chemical reactions that has not been considered before. In contrast to other reactive kinetic theories (e.g., line-ofcenters models), the SRS has built-in detailed balance and microscopic reversibility conditions. The mathematical analysis of the work consists of global existence result for the system of partial differential equations for the model of SRS.
SIMPLE REACTING SPHERES
Simple reacting spheres (SRS) has been developed by N. Xystris, J. S. Dahler [1] and further advanced by J. S. Dahler and L. Quin in [2] , [3] . The present paper is the first in a series of our articles on physical and mathematical properties of SRS. In the SRS model, the molecules behave as if they were single mass points with two internal states of excitation. Collisions may alter the internal states: this occurs when the kinetic energy associated with the reactive motion exceeds the activation energy. Reactive and non-reactive collision events are considered to be hard spheres-like. In a four component mixture A, B, A * , B * , the chemical reactions are of the type: A + B A * + B * . Here, A * and B * are distinct species from A and B. We use the indices 1, 2, 3, and 4 for the particles A, B, A * , and B * respectively. Furthermore, m i and d i denote the mass and the diameter of the i-th particle, i = 1, . . . , 4, and reactions take place when the reactive particles are separated by a distance σ 12 = 1 2 (d 1 + d 2 ) or σ 34 = 1 2 (d 3 + d 4 ). The conservation of mass has the form m 1 +m 2 = m 3 +m 4 = M. Reactions take place when the reactive particles are separated by a distance σ 12 = 1 2 (d 1 +d 2 ), where d i denotes the diameter of the i-th particle.
Elastic encounters
In the case of elastic collisions between a pair of particles from species i and s, the initial velocities v, w take post-
Here, · , · is the inner product in R 3 , ε is a vector along the line passing through the centers of the spheres at the moment of impact, i.e., ε ∈ S 2
is the reduced mass of the colliding pair. m i and m s are the masses of particles from i-th and s-th species, respectively (i, s = 1, 2, 3, 4).
Reactive encounters
For the reactive collision between particles from species i and s to occur (i, s = 1, . . . , 4), the kinetic energy associated with the relative motion along the line of centers must exceed the activation energy γ i ,
In the case of the (endothermic) reaction A + B → A * + B * the velocities v, w take their post-reactive values
with α − = ε, v − w 2 − 2E abs /µ 12 , and E abs the energy absorbed by the internal degrees of freedom. The absorbed energy E abs has the property
, is the energy of i-th particle associated with its internal degrees of freedom. Now, in order to complete the definition of the model, the activation energies γ 1 , γ 2 for A and B are chosen to satisfy γ 1 ≥ E abs > 0, and by symmetry,
For the inverse (exothermic) reaction, A * + B * → A + B, the post-reactive velocities are given by
with α + = ε, v − w 2 + 2E abs /µ 34 , and the activation energies for A * and B * being γ 3 = γ 1 − E abs and γ 4 = γ 3 .
Post-and pre-collisional velocities of the reactive pairs satisfy conservation of the momentum
A part of kinetic energy is exchanged with the energy absorbed by the internal states. The following equalities hold:
The system of equations
x, v) denotes the one-particle distribution function of the ith component of the reactive mixture. The function f i (t, x, v), which changes in time due to free streaming and collisions (elastic and reactive), represents at time t the number density of particles at point x with velocity v. The SRS kinetic system has the form
where J E i is the non-reactive (hard-sphere) collision operator
and f
is approximates the density of pairs of particles in collisional configurations. The second term in (10), with β i j in front of it, singles out those pre-collisional states that are energetic enough to result in the reaction, and thus preventing double counting of the events in the collisional integrals. In the case when β i j = 0, for i, j = 1, . . . , 4, the term J E i , in (10), reduces to two-particle collisional operator for 4-species mixtures with hard-sphere potential.
For i = 1, 2, 3, 4, the reactive terms are (1) For i, s = 1, 2, 3, 4, the inverse velocities to v , w are given by
For fixed ε, the Jacobian of the transformation
The inverse velocities to v ‡ , w ‡ are given by
and the inverse velocities to v † , w † are given by
(3) For fixed ε, the Jacobians of the transformations (v, w) → (v † , w † ) and (v, w) → (v ‡ , w ‡ ) are given by
respectively.
Due to space limitations, the proof of Lemma 1 will be provided in the forthcoming work.
THE DILUTE SRS KINETIC SYSTEM
The system of equations (9)-(11) requires a closure relation for f (2) is . In the case of moderately dense gases, the twoparticle distribution function f (2) is is usually approximated by
where n i (t, x) = R 3 f i (t, x, v)dv is the local number density of the component i and g
i j is the known pair correlation function for a non-uniform hard-sphere system at equilibrium with the local densities n i (t, x). The notation g (2) i j (x 1 , x 2 | {n i (t, ·)}) indicates that g (2) i j is a functional of the local densities n i . The closure relation (18) is employed in [2] and [3] . Finally, in the case of non-reactive mixtures (β i j = 0, for i, j = 1, . . . 4), the corresponding system of equations (9)-(11) becomes the revised Enskog system for 4-species mixtures [4] . In this work, we will consider a dilute gas regime with the corresponding closure relation given by:
The system of equations (9)-(11) takes the form:
with
and
where f i0 , i = 1, . . . , 4 are suitable nonnegative initial conditions that will be defined later and Ω ⊆ R 3 denotes the spatial domain of the gas mixture. We consider two choices for the set Ω:, Ω = R 3 , or Ω being a 3-dimensional torus 
where Ξ is , appearing in (23), is given by
with I = {(1, 2), (2, 1), (3, 4) , (4, 3)}.
The post-collisional velocities, v and w , are given in (1), while the post-reactive velocities, v ‡ and w ‡ , are given in (3)-(4).
Due to space limitations, the proof of Proposition 1 will be provided in the forthcoming work.
